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Abstract
We study the freezing of magnetic ﬂuctuations in an Fe rich sample of the “11” iron-based superconductor using
longitudinal ﬁeld muon spin relaxation. The magnetic relaxation rate peaks at 15 K indicating spin glass freezing
that nearly coincides with the superconducting transition of the corresponding Fe stoichiometric phase. At this tem-
perature, the magnetic ﬁeld dependence of the relaxation indicates slow magnetic ﬂuctuations on the nanosecond
timescale.
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The superconducting transition temperature Tc of β-FeSe[1] is enhanced bymore than 50% by Te/Se substitution[2].
The origin of this dramatic eﬀect is an important open question. Interest in the FeSe1−xTex solid solution system stems
from its close relation to the Fe oxyarsenide high Tc superconductors[3], indicated by the similarity of their crystal
structures[1], calculated electronic structure[4] and high transition temperature (up to 37 K under pressure[5]). As
a solid solution of two simple binary compounds, one might expect that high quality crystals will be simpler to ob-
tain than for the more complex oxyarsenides. However, it is now well-established that the Fe:Ch (Ch a chalcogen)
stoichiometry can deviate from unity. Excess Fe, occupying interstitial sites, is magnetic and suppresses supercon-
ductivity leading to a spin–glass magnetic ground state[6] characterized by an incommensurate wavevector[7]. In the
synthesis, competitive formation of Fe oxides necessitates anoxic conditions for true control of the stoichiometry[8].
As an important impurity phase for superconducting compositions, and in its own right as a dilute magnetic alloy
in a host with highly anisotropic band structure, it is of interest to study the Fe rich material. Here we report the
results of muon spin relaxation measurements in high magnetic ﬁeld of this spin-glass transition in single crystals
with composition Fe1.04Se0.25Te0.75. We ﬁnd relaxation due to magnetic ﬂuctuations that peaks at 15 K, just above the
superconducting transition of the stoichiometric phase. The ﬁeld dependence of this relaxation allows us to make an
estimate of the ﬂuctuation rate of these ﬁelds at the peak temperature. Below the magnetic freezing, the relaxation
rate falls as a T 2 power law.
The samples are two zone-melting grown single crystals[9] in the form of 2 thin c-axis oriented platelets about
15 mm2 in area each weighing ∼ 12 mg. To obtain suﬃcient areal density to stop the 4.1 MeV surface muons, the
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crystals were stacked on top of each other on a 9 mm cube of plastic scintillator that acts simultaneously as a muon
veto counter (for muons that do not stop in the sample) and as a detector for the decay positrons. This sample was
mounted in a conventional He gas ﬂow cryostat (base temperature 1.8 K) in the bore of a 7 Tesla superconducting
split pair magnet. Both longitudinal and transverse ﬁeld μSR measurements were performed for a range of ﬁelds and
temperatures. Bulk magnetization at 5 T was measured after the μSR experiments on a ∼ 1 mg ﬂake of one of the
crystals and yielded the uniform susceptibility χ0 shown in Fig. 1a.
The high ﬁeld susceptibility shows the Curie-Weiss behaviour characteristic of the Fe rich FeSe1−xTex[10, 11, 6]
which saturates at the magnetic freeezing[6]. This is consistent with the Xray diﬀraction reﬁnement which indicates
the composition is Fe1.04Se0.25Te0.75. In a low applied ﬁeld (1 mT), χ0 exhibits a sharp diamagnetic step down at 14
K, the superconducting transition, due to Meissner screening, but the corresponding superconducting fraction is quite
small (< 1 %).
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Figure 1: (color online) a) Mass susceptibility of a ∼ 1 mg crystal ﬂake of the μSR sample, measured in a magnetic ﬁeld of 5 T parallel to the
c axis. The curve describing χ0 above 15 K is 0.00354/(T + 72.7 K) + 0.00002 in emu/gOe. The Curie-Weiss term corresponds to a moment of
2.2 μB per formula unit. b) The real part of the fast fourier transform of the muon precession signal in Fe1.04Se0.25Te0.75 at 296 K and 5 Tesla.
The asymmetry is shown in a rotating reference frame in the inset. The exponential relaxation rate of this signal is 5.2(2) μs−1. A simultaneous
reference measurement in CaCO3 found precession at νL.
The tranverse ﬁeld (TF) muon spin precession was measured at high magnetic ﬁeld (5 T) and is reported brieﬂy
here for comparison. The negatively shifted precession signal was found to relax quickly even at room temperature
(Fig. 1b). Assuming the transverse relaxation is predominantly due to inhomogeneous local ﬁelds from the interstitial
Fe, the rate corresponds to a ﬁeld distribution width of about 0.012 T (0.22% of the applied ﬁeld), only about three
times larger than the corresponding Se NMR linewidth in stoichiometric βFeSe[12]. In some cases, an inhomogeneous
linewidth scales with applied ﬁeld, e.g. if it represents a distribution of magnetic shifts. However, here, the linewidth
is only weakly ﬁeld dependent; e.g., at 0.01 T, the relaxation rate at 20 K is only reduced to 2.9(8) μs−1, much larger
than obtained in nonstoichiometric “FeSe0.85” powder by μSR at the same ﬁeld[13].
The inset of Figure 2a shows LF muon spin relaxation data at 5 T (parallel to the c crystal direction). Essentially
the full asymmetry (for this apparatus) is relaxing, so the measured signal corresponds to the entire sample, i.e. there is
no evidence of phase separation into magnetic and nonmagnetic regions. The relaxation is noticably nonexponential,
as is common in dilute magnetic alloys, and was ﬁt to the phenomenological form A exp[−(λt)0.625] for all ﬁelds and
temperatures. The resulting rate λ is plotted as a function of temperature T in Fig. 2a. At room temperature, λ is small
and independent of ﬁeld down to 0.1 T, conﬁrming its dynamic origin. We note that at lower magnetic ﬁelds, other
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Figure 2: a) The longitudinal ﬁeld muon spin relaxation rate as a function of temperature in 5 Tesla. λ(T ) peaks just above the superconducting
Tc, while at low temperatures it follows a T 2 power law. b) The longitudinal ﬁeld muon spin relaxation rate as a function of magnetic ﬁeld at 15
K, the peak of the T dependence of the relaxation rate at high magnetic ﬁeld. Inset: the raw data ﬁt to the stretched exponential. λ(B) exhibits a
Lorentzian ﬁeld dependence with a small ﬁeld independent term.
relaxation mechanisms may cause λ to exhibit a substantially diﬀerent temperature dependence. As T is reduced, λ
increases below 50 K, reaching a broad peak at 15 K. Below this, it drops as a power law. Fitting the four lowest
temperature points, λ varies as T 2 over more than a decade. Qualitatively, this behaviour is characteristic of dynamic
muon spin relaxation in metallic spin-glasses, e.g. CuMn[14], but the well determined power law T dependence
indicates a functionally simple form for the low temperature magnetic dynamics.
At the peak temperature (15 K), the relaxation was studied as a function of magnetic ﬁeld. It was found to increase
substantially as the ﬁeld was reduced, saturating below 0.1 T at about 5.5 μs−1. The ﬁeld dependence of λ is shown in
Fig. 2b. For relaxation due to spin ﬂuctuations of amplitude b with an exponential correlation time τ, χ is a Lorentzian
function of the applied ﬁeld, and
λ =
ω2bτ
1 + (γBτ)2
, (1)
where ωb = γb. At a glance, λ(B) appears to follow this Lorentzian behaviour quite well, but a closer look reveals
that λ does not fall to zero quickly enough at the highest ﬁeld. In fact, λ(B) is better described by adding a small ﬁeld
independent term λ0, as shown by the ﬁt in Fig.2b. From the ﬁt, we ﬁnd b = 0.055(1) T, τ = 2.5(1) × 10−9 s, and
λ0 = 0.13(1) μs−1, comparable to λ(5.5 T), where the temperature dependence was measured.
Magnetic ﬂuctuations are clearly apparent throughout the volume of the sample (Fig. 2). There is a substantial
similarity with Se NMR of stoichiometric superconducting FeSe[12] where a contribution to 1/T1 results in a peak in
1/T1T near Tc. This similarity suggests a similar origin for the relaxation here in the Te substituted material. However,
unlike the NMR, there is no loss of signal approaching Tc, so here λ(T ) is more clearly representative of the bulk Fe
rich material. The similarity may be coincidental, since neutron scattering[15] indicates the low energy magnetic
excitations evolve from a (π,0) wavevector to (π,π) as magnetism is suppressed and superconductivity emerges. It is
interesting that the magnetic freezing in this sample occurs at essentially the Tc of the corresponding Fe stoichiometric
superconductor.
In summary, we have studied a magnetic, essentially nonsuperconducting, sample of Fe1.04Se0.25Te0.75 using LF
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μSR. We ﬁnd dynamic magnetic relaxation peaked at a freezing temperature of 15 K consistent with saturation of
the Curie-Weiss behaviour in the macroscopic susceptibility and with a spin glass freezing as seen in other Fe rich
samples with similar Te concentration[6].
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